I. Introduction
Fluorine is one of the most abundant elements in nature and being so reactive, it is never found in its elemental gaseous form, but only in combined form. About 96% of the fluoride in the body is found in bones and teeth. Fluoride is essential for the normal mineralization of bones and dental enamel. Fluorosis is an important public health problem in 24countries, including India 1 . Endemic fluorosis resulting from high fluoride concentration in groundwater is a public health problem in India 2 . India was one of the worst fluorosis affected countries, with large number of people suffering from it. This is because a large number of Indians depends on groundwater for drinking purposes and water at many places is rich in fluoride 3 . World Health Organization (WHO) has set the upper limit of fluoride concentration in drinking water at 1.5 mg/L 4 , and the Bureau of Indian Standards , has laid down as 1.0 mg/L as the maximum permissible limit of fluoride with further remarks as " lesser the better" 5 . Intake of fluoride higher than the optimum level is the main reason for fluorosis. Fluorine is often called as two-edged sword. Prolonged ingestion of fluoride through drinking water in excess of the daily requirement is associated with dental, skeletal and non-skeletal fluorosis. Similarly, inadequate intake of fluoride in drinking water is associated with dental caries 6 . In Bankura district of West Bengal out of 22 blocks 17 blocks are fluoride endemic zones, leading to consumption of high levels of fluorides in drinking water with its health consequences, i.e. high incidence of dental and skeletal and non-skeletal fluorosis symptomatic cases 7 . The source of this high fluoride concentration in water of Bankura district of West Bengal is supposed to be high fluoride content of the underlying hard rocks and also high fluoride content of the sedimentary assemblage of Older Alluvium comprising admixtures of sand, silt and clay, laterites, weathered morrum and caliche nodule impregnations 8 . Fluoride intake in high doses has toxic effects on various organs like liver, kidney bones endocrine system etc. Histopathological disorders were observed on the slides prepared from the liver specimens of the animals exposed to chronic fluorosis. Hyperemia, local necrosis, hydropic degeneration, vacuolar degenerations, and swelling on hepatocytes around the central vein were detected 9 . Liver is the main organ for fluoride detoxification and, therefore, is highly susceptible to the fluoride intoxication. Various studies demonstrated that elevated levels of serum hepatic and renal enzymes have been found following fluoride intoxication indicating degenerative and inflammatory damages to the liver 10, 11, 12 . The increase in ALP, AST and ALT was due to the degeneration and necrosis of liver cells. A study conducted by Michael et al. in human for investigating the effect of high dose of fluoride intake from drinking water on some soft tissues reported that high levels of fluoride disturbs the normal ALT and AST values 13 . The elevated ALP, AST, ALT is an indication of the impairment of liver functions.
The aim of the study is to evaluate the relationship between serum fluoride level and the hepatic enzymes to predict the liver damage in population residing in the fluoride endemic area.
II. Materials and Methods

Study area:
The study areas were selected on the basis of fluoride content in water. The selected areas have a fluoride content of above 3 ppm and the rates of dental and skeletal fluorosis are high. This cross-sectional descriptive study was carried out in Simlapal block of Bankura district. The biochemical analysis was done in the department of Biochemistry, B.S. Medical College, Bankura (District fluorosis detection laboratory).
2.2. Study subject: 50 subjects were selected by simple random sampling among them 27 were male and 23 were female. In that block, the endemic fluorosis was diagnosed according to the clinical diagnosis criteria, as described by Wang et al 14 .
The criteria for study are (1) people living in the endemic fluorosis region since birth, (2) having mottled tooth enamel, indicating dental fluorosis, (3) consuming water with fluoride levels above 1.2 mg/L (normal 1 mg/L), and (4) a urine fluoride level greater than 1.5 mg/L. Subjects living in the same area without showing above mentioned signs were selected as control.
The test and the control subjects were screened using a detailed questionnaire, history and physical examination. They were physically examined and information pertaining to demographics, nature of illness was collected from them using a predesigned and pretested questionnaire. Informed consent was taken from them. The study design was approved by institutional ethical committee.
Study Period:
This study was carried out during the period from January 2016 to March 2016.
Laboratory investigations:
The serum samples were collected from the 50 cases and 50 controls and stored at -20ºC before analyzing after doing centrifugation. Serum fluoride level was estimated by Ion Meter (ORION-9609BNWF) and serum ALT, AST, ALP and LDH levels were estimated by auto-analyzer (DS-302).
Statistical analysis:
The data were compiled in MS excel and analyzed by different statistical methods. Data display was done by charts and tables. Data were described by proportion, mean, SD, range etc. Statistical tests like independent "t" test, Spearman correlation coefficient (r) etc. were used to explore the relationship between variables. P value of <0.05 was considered significant to discard the null hypothesis at 5% precision and 95% confidence interval.
III. Results
Out of 100 participants 49 were female and rest were male. (Fig.1) . The average age of the participants was 36.42±4.95 (mean ± SD) years with a range of 50 years. The study group was found to have higher average serum ALT, AST, ALP and Fluoride levels compared to that of the comparison group and the difference was statistically robust (Table-1 ). The serum fluoride was found to have a statistically significant positive linear relationship with AST and ALP among the subjects belonged to the study group (Table-2) 
IV. Discussion
India is one of the worst fluorosis affected country, with large number of people sufferings from it. Flurosis is a major health problem in many parts of the world. W.H.O. reported that concentrations of fluoride present in ground water are high in India and China 15 . As a site of very active metabolism, the liver is especially susceptible to fluoride toxicity 12 . Some animal and epidemiological studies showed that exposure to excessive fluoride could induce damage to the liver 16 . Furthermore, some animal experiments revealed that a significant dose-effect relationship was detected between water fluoride levels and damage to the liver functions 17 . The normal upper limit of fluoride in urine is 0.1mg/l and normal upper limit for fluoride in serum is 0.02 mg/l A study done by Pratheebaa P. et al showed that the enzymes ALT and ALP were positively correlated with the occurrence of fluoride, while AST, LDH, were negatively correlated with the existence of fluoride 20 . A cross-sectional study conducted by Xiong X et al suggested that excessive (i.e.42.0 mg/L) fluoride in drinking water may cause damage to children"s liver functions, which would aggravate as drinking water fluoride level increases 21 .
It remains controversial about whether or not excessive fluoride intake induces damage to human liver functions. In a study done by Michael et al. showed that fluoride may disturb protein synthesis and elevate the activities of ALT and AST 13 . In a study, done by Shivashankara et al., various serum indexes about liver functions were found abnormal in children with skeletal fluorosis 10 . However, some reports do not support this fact. The study conducted by Liang et al. on the liver functions including TP, ALB, AST, total bilirubin of individuals from six different fluoride contents in drinking water found no significant changes 22 . Even though residing in areas with water fluoride concentration was between 1.5 and 23.0 mg/L, no damage to liver functions was observed in residents 23 . 
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V. Conclusion
Our study suggested that the increased serum fluoride concentration can damage liver resulting in increase in liver enzymes. Hence general awareness should be generated to the people for using fluoride free drinking water and further studies are to be required for establishing the relationship between liver function and the fluorosis. 
